Serological markers of gastritis, like pepsinogen A, pepsinogen C, gastrin, and Helicobacter pyloni antibodies, can be used to explore the state of the gastric mucosa in populations with contrasting cancer risks. A decreasing pepsinogen A:C ratio and an increasing serum gastrin are known to reflect an increasing severity of atrophic corpus gastritis, which is a precursor of gastric cancer. In 723 subjects (without gastroduodenal surgery) from Japanese (n=225) and Dutch (n=498) working populations, which had a similar composition of age (mean 48 years), sex (male to female ratio 6:1), and type of occupation, fasting serum samples were analysed for IgG antibodies to H pylon, pepsinogen A, pepsinogen C, and gastrin in the same laboratory. H pylorn infection was significantly more prevalent in the Japanese than in the Dutch (74.70/o and 31/3%); as was a very low pepsinogen A, indicative ofsevere mucosal atrophy (4.4%/o and 1.6%). Among subjects with and without severe mucosal atrophy the H pyloni seropositivity rate was similar. Between the Japanese and the Dutch there were significant differences in mean gastrin (31.8 and 13.4 pmoIl) and pepsinogen A:C ratio (1.7 and 2.9). These intercountry differences were as great for H pylon negative subjects (gastrin: 23.7 and 103 pmol/l, pepsinogen A:C ratio: 2.4 and 3.2) as for H pylon positive subjects (gastrin: 34.6 and 201 pmol/l, pepsinogen A:C ratio: 1.5 and 2.5). The intercountry difference in gastrin nearly disappeared after stratification into categories of pepsinogen A:C ratio. In conclusion, the intercountry differences in pepsinogen A:C ratio and gastrin reflect a higher prevalence of mild and severe mucosal atrophy of the corpus in the Japanese than in the Dutch, both among H pylorn positive and negative subjects. Thus, these findings suggest that in the Japanese the development of atrophic gastritis is in part unrelated to Hpylori.
used to explore the state of the gastric mucosa in populations with contrasting cancer risks. A decreasing pepsinogen A:C ratio and an increasing serum gastrin are known to reflect an increasing severity of atrophic corpus gastritis, which is a precursor of gastric cancer. In 723 subjects (without gastroduodenal surgery) from Japanese (n=225) and Dutch (n=498) working populations, which had a similar composition of age (mean 48 years), sex (male to female ratio 6:1), and type of occupation, fasting serum samples were analysed for IgG antibodies to H pylon, pepsinogen A, pepsinogen C, and gastrin in the same laboratory. H pylorn infection was significantly more prevalent in the Japanese than in the Dutch (74.70/o and 31/3%); as was a very low pepsinogen A, indicative ofsevere mucosal atrophy (4.4%/o and 1.6%). Among subjects with and without severe mucosal atrophy the H pyloni seropositivity rate was similar. Between the Japanese and the Dutch there were significant differences in mean gastrin (31.8 and 13.4 pmoIl) and pepsinogen A:C ratio (1.7 and 2.9). These intercountry differences were as great for H pylon negative subjects (gastrin: 23.7 and 103 pmol/l, pepsinogen A:C ratio: 2.4 and 3.2) as for H pylon positive subjects (gastrin: 34.6 and 201 pmol/l, pepsinogen A:C ratio: 1.5 and 2.5). The intercountry difference in gastrin nearly disappeared after stratification into categories of pepsinogen A:C ratio. In conclusion, the intercountry differences in pepsinogen A:C ratio and gastrin reflect a higher prevalence of mild and severe mucosal atrophy of the corpus in the Japanese than in the Dutch, both among H pylorn positive and negative sub- jects. Thus, these findings suggest that in the Japanese the development of atrophic gastritis is in part unrelated to Hpylori.
(Gut 1995; 37: 199-204) Keywords: atrophic gastritis, gastric cancer, Helicobacterpylori, pepsinogen, epidemiology.
Measuring serum pepsinogens, gastrin, and Helicobacter pylori antibodies can be a patient friendly, cheap, and powerful way of obtaining information about the stomach in large population based studies, this in contrast with performing endoscopies with biopsy specimens.
Gastrin and the pepsin precursors pepsinogen A and C are indicative of the histological state of the gastric mucosa (Fig 1) . L1 In general, serum gastrin is increased in atrophic corpus gastritis, as the tendency to hypochlorhydria stimulates the G cells in the antrum to produce more gastrin.4-9 In contrast, the pepsinogen A:C ratio decreases with a greater severity of atrophy,l-4 as pepsinogen A decreases comparatively more than pepsinogen C because pepsinogen A is produced only in the corpus while pepsinogen C is also produced in the proximal duodenum, antrum, and cardia. There has long since been a hypothesis that chronic superficial gastritis may progress through mild through to severe atrophic gastritis.9-'1 Atrophic gastritis has been shown to be a premalignant lesion.9-15 This hypothesis is therefore pivotal in the human model of gastric carcinogenesis (Fig 1) Serum measurements Blood samples were obtained after an overnight fast; they were centrifuged, coded, and stored at -20°C until simultaneous determination of anti-H pylon IgG, pepsinogen A, pepsinogen C, and gastrin.
IgG antibodies to Hpylori were measured by a modified enzyme linked immunosorbent assay, which has previously been described in detail. 27 The sensitivity and specificity of this assay in diagnosing H pylori infection are both 97%.28 Pepsinogen A and C were measured by radioimmunoassay as previously described and the pepsinogen A:C ratio was calculated.29 Their normal ranges in our laboratory are Kig/l, up to 24 j±g/l and 2.1 or higher, respectively, as defined in H pylori negative blood transfusion donors. 30 Severe chronic atrophic gastritis that has led to achlorhydria was estimated by a serum pepsinogen A value lower than 17 pug/1.6 24 (Table I) . Significance of difference between the Japanese and the Dutch: *p<0.05 (X2 test).
Pepsinogens
The prevalence of a very low pepsinogen A value indicative of severe atrophic gastritis was almost three times higher in the Japanese than in the Dutch: 4.4% and 1. 6% (Table II) .
Comparing subjects with and without severe mucosal atrophy the Hpylori seropositivity rate was similar, both for the Japanese and for the Dutch (Table II) . Among H pylori positive subjects the mean pepsinogen A concentration was significantly lower in the Japanese than in the Dutch (Table  I) . Among H pylori negative subjects this difference was weaker and not significant. Pepsinogens are higher in Hpyloni positive subjects than in H pylori negative subjects while the Japanese population consists of more than twice as many H pylori positive subjects as the Dutch. Therefore the mean pepsinogen A concentration was similar when comparing the whole Japanese population with the whole Dutch population.
Pepsinogen C was much higher in the Japanese than in the Dutch, both among Hpylori positive and negative subjects ( Table I) .
As pepsinogen A was slightly lower while pepsinogen C was considerably higher in the Japanese than in the Dutch, the pepsinogen A:C ratio was much lower (Table I ). The intercountry difference in pepsinogen A:C ratio was almost as great among H pylori negative subjects, as well as positive subjects, as in the whole population (Table I ). The higher prevalence of decreased pepsinogen A:C ratios, indicative of atrophic gastritis (Fig 1) , among the Japanese compared with the Dutch seems therefore to be independent of H pylori seropositivity. 
Gastrin
In the Japanese the mean fasting serum gastrin was around twice as high as in the Dutch (Fig   2: 31.8 was as great as in the population as a whole (Fig 2) . Therefore, as in Table I for the pepsinogen A:C ratios, Fig 2 shows that the higher prevalence of increased gastrin concentrations, indicative of atrophic gastritis (Fig 1) , in the Japanese compared with the Dutch is independent of H pylori seropositivity. Figure 3 shows that this intercountry difference in gastrin is indeed a reflection of a different prevalence of mucosal atrophy. Figure 3 shows a subdivision into degrees of mucosal atrophy according to categories of pepsinogen A:C ratio. In each category of pepsinogen A:C ratio -that is, per severity of mucosal atrophythere was almost no difference in gastrin between the Japanese and the Dutch. In both populations, however, serum gastrin became higher to a similar extent with a greater severity of mucosal atrophy. The difference between the populations is found in the distribution of the pepsinogen A:C ratios: a lower value than 1.3, pointing to mild to severe atrophic corpus gastritis, was present in 32-4% of the Japanese and in only 3/6% of the Dutch.
In Fig 3, H pylorn positive and negative subjects are shown together; when analysed separately the near absence of intercountry differences in gastrin was similar, although at slightly different values of gastrin as H pylori positive subjects have a higher mean gastrin than H pylori negative subjects in the range of pepsinogen A:C ratios higher than 1.3 (Fig 4,  Fig 5) . The distributions were, however, somewhat different: a significantly higher proportion of the H pylori positive subjects had a pepsinogen A:C ratio between 0.7 and 2-49 compared with the H pylori negative subjects and a lower proportion had a ratio between 2.5 and 10.5 (Fig 4, Fig 5) , as H pylori induced chronic superficial gastritis is associated with a lower pepsinogen A:C ratio (Table I, Fig 1) . Besides, the higher proportion of H pylori positive than negative subjects with a low pepsinogen A:C ratio between 0.7 and 1.29
(30% v 9% for the Japanese and 6% v 1% for the Dutch) reflects a higher prevalence of mild mucosal atrophy among H pylori positive subjects (Fig 1) . Figure 4 : Mean gastrin concentrations in the H pylon negative subjects after stratifica into categories ofpepsinogen A:C ratio. Details as described in the legend to Fig 3. severe atrophic gastritis. It is not likely, however, that this often happens as we found that the seropositivity rate ofJapanese subjects with severe mucosal atrophy was 70%, which is not lower than in the general population. Besides, a study with a follow up of 10-13 years has shown that subjects who had developed progressive atrophic gastritis remained H pylori seropositive, although the H pylori infection rate as measured by staining of gastric biopsy specimens declined with increasing atrophy.34 Also in another study the seropositivity rate in subjects with atrophic corpus gastritis was high while the prevalence of positive staining in the biopsy specimens was low.7 So, once subjects are infected, H pylori seropositivity usually remains for life, unless eradication treatment is effectively applied.
ts in Another explanation would be that there is such a genetic difference in gastrin production between the Japanese and white races that at a te is lesser degree of mucosal atrophy or even in the z and absence of mucosal atrophy the Japanese have to be a much higher serum gastrin concentration. In the that case the higher gastrin concentration in Japanese H pylori negative subjects would not >ylori be a reflection of a higher prevalence of tions atrophic gastritis. We showed that this is apan unlikely, however, as the intercountry differn the ences in gastrin nearly disappeared after Le far stratification into categories of pepsinogen A:C lings ratio, which correspond to certain degrees of severity of mucosal atrophy (Fig 3, Fig 1) .1-4
Lat in Yet another explanation for the higher gasower trin concentration in Japanese Hpylori negative igher subjects could be that in many Japanese the were atrophic corpus gastritis originated from This H pylori negative autoimmune gastritis. In pula-Japan, however, it is well known that autooylori immune type A gastritis and pernicious i the anaemia are extremely rare, much rarer than in plain Western countries.3 Even in Western populaDund tions only a few atrophic gastritis cases origid the nate from autoimmune type A gastritis.9 [11] [12] [13] Therefore, we conclude that in the Japanese these population other factors than past H pylori d by infection play an important part in the devel--ome opment of atrophic corpus gastritis. with the development of atrophic gastritis and gastric cancer.15 25 35 Also low consumption of fresh fruits and raw vegetables may increase this risk. '5 25 Such dietary habits could be an independent risk factor for atrophic gastritis and could also have a synergistic effect with H pylon'. Migrants to countries with lower gastric cancer rates show some diminution of risk. 25 38 In this respect a comparison of serological markers of gastritis between Japanese people living inside and outside Japan would be interesting. However, such data are not yet available.
Our conclusion of a higher prevalence of atrophic gastritis in the Japanese than in the Dutch is in agreement with a necropsy study comparing stomachs of Japanese and American (Minnesota) people without focal gastroduodenal lesions.14 A study comparing Japanese and Canadian outpatients using methylene blue dye spraying endoscopy also showed more extensive atrophy in the Japanese in all age groups.39 Moreover, in an earlier Japanese study of asymptomatic subjects, who came for routine endoscopy and had no gastroduodenal lesions,40 the prevalence of atrophic gastritis was high when compared with Western studies.8 41 42 In mild to moderate atrophic corpus gastritis serum pepsinogen C is increased (Fig 1) . This increase may originate from pyloric gland metaplasia of corpus mucosa that has led to an increased number of pyloric glands.' 40 In addition, the release of pepsinogen C from the antrum often occurs at an increased rate because of inflammatory changes. 1 Serum pepsinogen C is normal or decreased in severe atrophic gastritis caused by the considerable loss of fundic glands (Fig 1) . 2 The increased pepsinogen C we found in Japan compared with the Netherlands points to a higher prevalence of subjects with mild and moderate atrophic gastritis. Indeed, the prevalence of severe atrophic gastritis, as shown by a very low pepsinogen A, was comparatively low in our Japanese working population, 4.4o/o. In the Dutch working population we found an even lower prevalence Of 1 6%.o This is roughly comparable with the presence Of achlorhydria in 2 5% of a similar Western working population reported previously.5 Our findings of increased pepsinogen A, pepsinogen C, and gastrin concentrations in H pylori positive compared with negative subjects are in accordance with many previous reports.7 24 33 43 Points of discussion in this study are the cross sectional study design and the absence of histological data. Using serology instead of biopsy specimens, however, has the advantage of avoiding sampling error, as information is obtained from the stomach as a whole. Besides, performing endoscopies would have practical and ethical problems in a population based study. The strengths of this study include the sampling of representative community populations, the high response rate obtained, the great number of participants, and the good matching with regard to age, sex, and occupation. Moreover, all measurements were carried out simultaneously in the same laboratory. We were therefore able to show for the first time that a country with a high gastric cancer risk has a great number of citizens with a high fasting serum gastrin. Such associations between serological markers and cancer need to be established in a cross sectional study first, as a longitudinal study is much more costly and requires much more time. Whether hypergastrinaemia is just an epiphenomenon of atrophic gastritis or plays a separate part in carcinogenesis by its trophic effect has not as yet been clarified.44
In conclusion, the intercountry differences in pepsinogens and gastrin point to a higher prevalence of mild and severe atrophic gastritis in the Japanese than in the Dutch. The Hpylori seropositivity rate and thus the prevalence of chronic superficial gastritis is also much higher in Japan than in the Netherlands. The differences in the serological markers of atrophic gastritis exist equally, however, in H pylori negative and positive subjects. Thus, these findings point to the possibility of development of atrophic gastritis independent of H pylor infection in the Japanese population.
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